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1.   Introduct i on
I t   has  l ong  been accepted t hat   econom i c devel opm ent   i s a key  det ermi nant   of  healt h  out com es 
i n a count r y (see for exam ple Preston,  1976),  and t hat  healt h i s an im port ant part  of a 
count r y’s stock  of  hum an  capit al  and  hence  f actor  product i vi t y  ( Fogel ,   1994).   Ther e i s a wi de 
body  of  mi croeconom et r i c evidence  t o  support   t hese  r elati onshi ps.
1  Mo r e r ecentl y,   t here have 
been a num ber  of  cross-count r y studi es t hat   aim  t o unpack t he observed corr elati on bet w een 
i ncom e and heal t h out com es at the m acroeconom i c level by usi ng panel  dat a techni ques.  
These studi es have produced a num ber  of  very i nt eresti ng r esult s,  but   t he l i mi t ati ons of  panel  
dat a m ean that  som e im port ant quest i ons regardi ng t he i nt eracti on of healt h and i ncom e 
r em ain  unansw ered.  The  aim  of  t hi s paper  i s t o  com plem ent  such wo r k  –  and  t o  answ er  som e 
of  t hese  quest i ons – by em ployi ng m acroeconom i c t i me - s e r i es dat a f or  i ndi vi dual   count r i es. 
By w ay of i nt r oduct i on,  we  wi l l  fi r st review  w hat has been di scovered fr om  panel  dat a 
analysi s,  and  wh a t   i ssues r em ain  t o  be  addressed.
Two  r ecent  papers deal  wi t h  t he  probl em  of  consi stentl y  esti ma t i ng  t he  i m pact  of  per  capit a 
i ncom e  on  healt h  out com es across count r i es.  Pr i t chett   and  S u mme r s ( 1996)  use  I V  t o  esti ma t e 
t he i m pact  of  l og per capi t a GDP  on i nfant  mo r t ali t y and l i f e expectancy i n an i nt ernat i onal  
panel  dat a set.  Us i ng t he l i f e expectancy m easure, t hey fi nd no si gni f i cant relati onshi p,  
perhaps because incom e aff ects thi s m easure of healt h w i t h very l ong l ags. But  usi ng t he 
i nfant mo r t ali t y m easure (i nfant deaths per 1000),  they do fi nd som e signi f i cant eff ect.  The 
esti ma t ed size of  t he eff ect  vari es greatl y wi t h t he i nst r um ent ( s)  chosen,   but   i s bet w een –0.2
and –1.0;  there is simi l ar vari ati on i n t he l evel of stati sti cal signi f i cance of the est i ma t e.
Eas t erl y ( 1999)  uses a simi l ar  dat a set  and me t hodol ogy,   but   wi t h di f f erent  i nst r um ent s,  and 
produces esti ma t es of  i ncom e elasti cit y wi t hi n t he sam e r ange ( and wi t h simi l ar  signi f i cance 
l evels)  f or  bot h of  t he healt h i ndi cators.
2
Si mi l arl y,   Bha r gava et   al .   ( 2001)  appl y an I V  esti ma t or  i n order  t o quant i f y t he i m pact  of 
l i f e expectancy and chil d mo r t ali t y on l og per capi t a GDP.
3  The  panel   dat a set  i s simi l ar  t o 
t hat   used i n t he Pr i t chett   and S u mme r s and Eas t erl y studi es.  The  i m pact  of  healt h on i ncom e
i s found t o be st ati sti call y si gni f i cant under all  m odel  specif i cati ons,  alt hough param eter 
esti ma t es again vary subst anti all y.  In t he Bhargava paper the regression equat i ons are non-
l i near  and  t he  r elati onshi p  bet w een i ncom e  and  healt h  i s non-m onot oni c.
1  On   mi coreconom et r i c evidence  f or  t he  i m port ance of  healt h  as a com ponent   of  hum an  capit al,   see Ba s t a et  al .
( 1979),   Spurr   ( 1983),   Bha r gava ( 1997)  and St r auss and Thom as ( 1998).   On   mi croeconom et r i c evidence f or  t he 
i m pact  of  i ncome  on  nut r i t i on  and  healt h,   see  Be hr ma n   and  De o l ali kar  ( 1988)  and  Ra va l l i on  ( 1990).
2  The  Pr i t chett   and  S u mme r s ( 1996)  i nst r um ent   set  i ncl udes  t he  t erms   of  t r ade,  t he  i nvest me n t - out put   r ati o  and 
i ndi cators of pri ce distort i ons;  t he East erl y (1999) i nst r um ent  set i ncl udes i nfl ati on,  f i nanci al dept h and
i ndi cators  of  pri ce  di stort i ons.
3  The  dependent   vari able i n  t he  r egressions  i n  t hi s paper  i s per  capi t a  GDP  grow t h;   but   t he  l agged  l evel  of per
capi t aGDP  i s on  t he  LHS  of  t he  regressions,   so t he  m odel   i s i mp l i cit l y  one  of  t he  l evel  of  per  capi t a  GDP.2
The  r esult s i n t hese papers dem onst r ate t hat   t here i s a str ong r elati onshi p i n cross-secti on
bet w een a count r y’s healt h perf orm ance and it s per capi t a incom e,  wi t h causali t y runni ng 
bot h  wa y s .   Ho we v e r ,   t hey  l eave a num ber  of  i ssues sti l l   t o  be  addressed.
Fi r st,  they deal  largel y w i t h t he factors determi ni ng t he vari ati ons i n i ncom e and heal t h 
across count r i es: t he t i me  d i me n s i on i n t he dat a used is very sm al l ,  and exhi bi t s li t t l e 
vari ati on,  relati ve t o t he cross-secti onal  di me n s i on.  The esti ma t ed coeff i cients are to be 
i nt erpreted as cross-count r y  averages of  t he  i m pact  of  one  vari able on  anot her.   The  r esult s say 
not hi ng about  the si ze of eff ects w it hi n a part i cular count r y,  or wi t hi n a part i cular type of 
count r y:   as t he  authors above  acknow l edge,   i t   i s necessary  t o  aggregate over  hi gh-i ncom e  and 
l ow-i ncom e count r i es in t hese panel  dat a sets to generate enough sam pl e vari ati on for
i nt erpretable result s. Si nce m ost of the vari ati on i s com ing fr om  LD Cs,  the panel  result s do 
not   const i t ut e very str ong evidence on t he r elati onshi p bet w een healt h and i ncom e i n OECD 
count r i es.
Secondl y,   t he  r estr i cted t i me   di me n s i on  i n  t he  panel   dat a –  f i ve  or  t en-yearl y  i nt erval s over 
a 30-year  peri od – does not   permi t   very det ail ed analysi s of  t he dynam i cs of  t he r elati onshi p 
bet w een i ncom e and healt h.   I t   i s not   possibl e t o produce very precise esti ma t es of  t he l engt h 
of  t i me   i t   t akes f or  a shock  t o  i ncom e  ( or  healt h)  t o  have  i t s f ul l   i m pact  on  healt h  ( or  i ncom e).  
No r  is a panel  regression t he appropri ate vehi cle for invest i gat i ng t he nat ure of shocks t o 
i ncom e and heal t h:  for exam ple, for det ermi ni ng how  m uch of a typi cal shock i s tr ansit ory 
and how  mu c h   i s perm anent .
The mai n reason that  these quest i ons have not  been pursued is the l ack of reli able ti me -
seri es dat a on i ncom e and h ealt h vari ables i n mo s t   count r i es.  Wh e r eas m acroeconom i c t i me  
seri es are oft en report ed at m ont hl y or quart erl y i nt erval s, healt h dat a is usual l y report ed 
annual l y;   so t i me - s e r i es dat a coveri ng a century or  mo r e are r equi r ed f or  a r easonabl e sam ple 
size.  Ne ve r t hel ess,  t here are a f ew  count r i es f or  wh i ch such dat a are avail able.  I n t hi s paper 
we   wi l l   expl oi t   such t i me   seri es i n  order  t o  address t he  i ssues r aised above.
The l ongest  ti me  s e r i es avail able are for three Scandinavi an countr i es (Sweden,  Fi nl and 
and De n ma r k).   I n t hi s paper  we   wi l l   expl ore t he r elati onshi p bet w een per capi t a i ncom e and 
healt h out com es usi ng t i me - s e r i es dat a i n t hese count r i es f or  t he peri od 1867-1997.
4  We   wi l l  
address t he  i ssues r aised above  by  f ocusi ng  on  t he  f ol l ow i ng  t hree quest i ons .
( i )W h a t   f r acti on of  i nnovat i ons i n healt h consi sts of  perm anent   changes i n healt h 
out com es, and w hat  fr acti on consi sts of t r ansit ory eff ects? In ot her wo r ds,  
4  No r wa y   and  I celand  do  not   appear  i n  t hi s study  because  of  a  l ack  of  dat a.  As   i n  m any  ot her  Eur opean  count r i es, 
t he Second W orl d W ar di srupt ed the col l ecti on of econom i c data in t hese t w o count r i es, so w e do not  have
cont i nuous  t i me   seri es  f or  mo r e  t han  about   50  years.3
wh a t   i s t he degree of persistence i n shocks t o healt h? Ho w  does t hi s com pare 
wi t h  t he  degree of  persistence i n shocks t o i ncom e?
( i i )T o   wh a t   extent,   on average,  have corr elati ons bet w een i ncom e and healt h over 
t i m e been due t o com m on shocks:  wa r s, f or exam ple, or t echnol ogi cal
i nnovat i ons t hat   i mp r ove bot h f actor  product i vi t y and t he eff i ciency of  healt h 
provi sion? (I n a cross-secti on cont ext,  thi s questi on coul d onl y be addressed 
di r ectl y by f i ndi ng proxi es f or  t echnol ogy,   and i t   i s by no m eans obvi ous t hat  
such proxi es coul d ever  be f ound.   I n a t i me - s e r i es cont ext,   t he shocks can be 
m odel l ed as stochast i c i nnovat i ons. )   To  wh a t   extent  have t he corr elati ons been 
due not  to com m on shocks but  to causal associati ons – i n bot h di r ecti ons –
over  t i m e? ( I n a t i me - s e r i es cont ext,   t he causal  associati ons can be i nt erpreted 
i n  t erms   of  Gr anger -causali t y. )
( i i i ) H ow  does t he m agni t ude of the associati on bet w een healt h and i ncom e i n a 
t i me  s e r i es com pare w it h t he m agni t ude i n a cross secti on? D oes t he hi gh 
degree of  cross-secti onal   corr elati on not ed i n previous studi es corr espond t o a 
hi gh  degree of  i nt er-tem poral  corr elati on?
I n  deali ng  wi t h  t hese  quest i ons,   we   wi l l   ma k e   not e of  any  het erogenei t y  t hat   appears across 
t he t hree count r i es.  Thi s wi l l   t ell   us som ethi ng about   t he degree of  vari ati on t here i s around 
t he cross-count r y average eff ects esti ma t ed i n existi ng panel   dat a studi es.  Ther e are a num ber 
of pot enti al sources of het erogenei t y.  The t hree count r i es have very di f f erent pol i t i cal
hi stori es. Sw eden experi enced a gradual  tr ansit i on t o ful l  dem ocracy over the peri od 1866-
1917,  and di d not  part i cipat e in ei t her Wo r l d W ar.  De n ma r k experi enced a simi l ar gradual  
t r ansit i on over the peri od 1850-1901,  but  it  w as occupi ed by G erm any t hrough 1939-45.
Fi nl and  wa s   occupi ed by  R ussia up  t o  1917,   and  has  f ought   t hree wa r s wi t h  Rus s i a since t hen.  
Va r i ous part s of Fi nl and have been occupi ed by Russi a at vari ous t i m es duri ng t he 20
t h
century.   The  varyi ng  m agni t ude  of  ( and  vi ol ence associated wi t h)  t hese  pol i t i cal  changes ma y  
t r anslate int o l arger shocks t o econom i c and dem ographi c vari ables, and t o di f f erentl y
characteri sed dynam i c int eracti ons.  Si mi l arl y,  Fi nl and and Sw eden have l ow er popul ati on 
densi t i es than D enm ark,  and agri cult ural product s m ake up a l arger fr acti on of thei r  out put  
and  export s.  The  consequence  of  t hese  di f f erences i n  econom i c str uct ure r em ains  t o  be  seen.
I n Secti on 2 bel ow  w e present t he m odel l i ng fr am ew ork,  and i n Secti on 3 vari able
defi ni t i ons and dat a sources.  Secti on 4 cont ains t he r esult s of  t he m odel l i ng exercise,  and an 
i nt erpretati ve  di scussion.   Secti on  5  concl udes.4
2.   The   Mo d e l l i ng  Fram ew ork
2. 1  The  underl ying  econom et ric m odel
On e  ma j or advant age of adopt i ng a t i me - s e r i es approach to m odel l i ng i ncom e and heal t h i s 
t hat   we   can obt ain consi stent  esti ma t es of  t he i nt eracti ons bet w een t he t wo ,   wi t hout   expl i cit l y 
m odel l i ng t hei r   r esponse t o exogenous f actors for  wh i ch dat a mi ght   be l acking,   by i nvoki ng 
t he Wo l d D ecom posit i on Theor em .  Consi der  t he case i n wh i ch we   have one m easure of per
capi t ai ncom e and one m easure of  healt h f or i= 1, 2, …. ,   md i f f erent  count r i es.  ( I n Secti on 4 
bel ow ,m =  3. )   I t   i s possibl e t hat  t hese  2m   vari ables are all   i nt er-related:  shocks  t o  i ncom e  can 
be  passed  f r om   one  count r y  t o  anot her  t hrough  t r ade,  and  shocks  t o  healt h  t hrough  cont agion.  
These int er-relati ons can be captured t hrough a VAR  m odel .   A ssum ing t hat   t he vari ables are 
all   di f f erence-stati onary,   i t   i s alwa y s   possi bl e t o obt ain an MA  r epresentati on of  t hei r   grow t h 
r ates i n  t he  f ol l ow i ng  f orm  ( Wo l d,   1983):
t t ) ( A z e m L ? + = .( 1)
I n t hi s expression )' ? , ? ( ? t t p y z t =  r epresents a stacked (2m × 1) vector wh e r e
) ' ? , . . . . . , ? , ? ( ? mt 2t 1t t y y y = y  i s an ( m ×  1)  vector  cont aini ng val ues on i ncom e grow t h i n each 
of  t he m  r egions i n t i me  t ,) ' ? , . . . . . , ? , ? ( ? mt 2t 1t t p p p = p  i s an ( m ×  1)  vector  cont aini ng val ues 
on  t he  grow t h  i n  t he  healt h  i ndi cator  i n  each of  t he  m  r egions  i n  t i me   tand ∆  i s t he  di f f erence 
operator. ) ' , (
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and t he ( i , j ) -th  elem ent  of A( L)   i s t he l ag pol ynom i al  ) L ( i j a .   H ence,  f or  i nst ance,  i n addi t i on 
t o t he eff ects of curr ent and past val ues of innovat i ons on t z ? i n region i  it self ,  incom e 
grow t h ( healt h i mp r ovem ent s)  i n count r y i  ma y   also be aff ected by past   val ues of  shocks t o 5
count r yj  to i ncom e grow t h or healt h i mp r ovem ent s. Mo r eover,  there m ay be a syst em ati c
associati on bet w een the occurr ence of shocks i n count r y i  and t hose t aking pl ace elsew here 
( captured by  t he  non-zero  off -diagonal   elem ents of  W W) .
Expression ( 1)  has a f undam ent al  m ovi ng average r epresentati on,   and,   i n general,   t hi s can 
be  approxi ma t ed by  a f i ni t e order  VAR  m odel   of  t he  f orm
t q t q t t t t z B z B z B z z B e m + = + + + + = − − −
*
2 2 1 1 ? . . . . . . . . ? ? ? ? ) L ( ,( 3)
wh e r e s B,   ( s= 1,2, …. q)  are ( 2m x  2m )  ma t r i ces of  coeff i cients,  and t he  (i, j ) -th  elem ent  of  s B,
denot ed yipj s b ,  relates to t he coeff i cient on heal t h i mp r ovem ent s (denot ed by p)  i n r egion j,
l agged  by s peri ods,   i n t he equat i on expl aini ng i ncom e grow t h ( denot ed by y)  i n  r egion i .   In 
t hi s f i ni t e order  VAR  m odel ,   i ncom e grow t h i n count r y i  i s expl ained by q l agged val ues of 
i ncom e grow t h  i n  r egion i ,q  l agged  val ues  of  healt h  i mp r ovem ent s i n  count r y i ,pl usq l agged 
val ues of i ncom e grow t h and heal t h i mp r ovem ent s in al l  ot her count r i es, and a random
i nnovat i on,
y ei t;   i . e. 
y
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I f  im port ant  i nt eracti ons exist  bet w een t he l evels of  t z,   t he existi ng m odel l i ng f r am ew ork 
can be r eadil y adapted t o all ow  f or  t he presence of  coint egrati ng r elati onshi ps i n t he f orm  of 
r estr i cti ons on t he M A  representati on i n (1).   The err or-correcti on form o f  ( 3) can be
expressed as,
t q t s t
*
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wh e r e￿ ￿i s a ( 2m ×  2m )  r educed r ank ma t r i x det ermi ni ng t he extent  t o wh i ch t he system  i s 
coint egrated.  The  i dent i f i cati on  of  t he  coint egrati ng  vectors i s di scussed i n  Sect i on  4  bel ow .
2. 2  I nt erpreti ng  and  m easuri ng  t he  persistence of   shocks t o  i ncom e  and  heal t h
The mul t i -count r y,  mu l t i vari ate  VAR mo d e l  presented above provi des a fl exibl e fr am ew ork 
wi t hi n  wh i ch an analysi s of  i ncom e  and  healt h  det ermi nat i on  can be  carr i ed out .   Mo s t   existi ng 
appl i cati ons of  t hi s sort   of  VAR  m odel l i ng f r am ew ork are i n t he area of  m acro-econom et r i cs.6
Wi t hi n  t hi s f r am ew ork  t here are several  wa y s   of  i dent i f yi ng  t he  consequences  of  shocks  t o  t he 
system .  I n  m any m acro-econom et r i c appl i cati ons  t he  m odel l er  has  t he  confi dence  t o  i m pose  a
pri orirestr i cti ons  on  t he  system ,  and  t o  t r anslate t he  esti ma t ed r educed-form  shocks  i nt o  a set 
of str uct ural innovat i ons,  as in Bl anchard and Q uah (1989).  But  in som e appl i cati ons (as in 
our  ow n)  t here i s no t heoreti cal  ground f or  such r estr i cti ons,   and ot her  authors ( f or  exam ple 
Gi acom ett i  and Pi nel l i ,  1999) chose not  to i m pose a part i cular set of theoreti cal long-run
r estr i cti ons on t hei r   m odel .   I nst ead t hey expl ore t he dynam i cs of  t hei r   m odel   t hrough i m pul se 
r esponse analysi s.  Ho we v e r ,   t he appl i cati on of  i m pul se r esponse analysi s i s not   t heoreti call y 
i nnocuous.   The  i m pul ses t o wh i ch t he system ’s r esponse i s m easured are ort hogonal i zati ons 
of  t he esti ma t ed r educed f orm  i nnovat i ons.   These ort hogonal i zati ons ( f or  exam ple,  Chol eski
decom posi t i on)  are not   i nvari ant  t o t he orderi ng of  t he vari ables i n t he system .  I mp l i cit   i n t he 
orderi ng  i s a t heory  about   how   t he  vari ables i nt eract:   i n  eff ect,   a set  of  short -run  r estr i cti ons.
We  w i sh to avoi d such restr i cti ons,  since our int enti on i s to provi de i nsi ght s int o t he 
dynam i c int eracti on of healt h and i ncom e vari ables rather than t o i dent i f y an underl yi ng 
str uct ural m odel .  Ou r  analysi s of the dynam i cs is conduct ed by const r uct i ng m easures of 
general i zed i m pul se responses.
Of   part i cular   i nt erest  are t he l ong-run r esponses of  t he vari ables i n  t z  t o shocks,   and t he 
dynam i cs of  adjust me n t   t o  t he  l ong  r un.   Lee and  Pesar an ( 1993)  and  Pesar an and  Shi n  ( 1996) 
provi de a fr am ew ork for i dent i f yi ng t he eff ects of specif i ed types of shock.  W e can
i nvest i gat e t he evol ut i on of  i ndi vi dual   vari ables i n r esponse t o shocks wi t hout   r esort i ng t o a
pri ori  restr i cti ons,  by usi ng general i zed im pul se response anal ysis. We  w i l l  next  provi de a 
bri ef  descri pt i on  of  t he  m easurem ent  of  t he  i mp a c t   of  shocks,   show i ng how  t hey ma y   be used 
t o  const r uct   m easures of  i nt erest.
Specif i call y,  referr i ng t o t he m ul t i vari ate, mu l t i -count r y m odel   descri bed i n equat i ons ( 1-
3),   i f   r e   i s a ( 2m ×  1)  selecti on vector  wi t h uni t y i n i t s r
t h  elem ent,   and zeros elsew here,  t hen 
t he generali zed i m pul se r esponse of  any one vari able k i n t he system  t o a “typi cal” shock t o 
i ncom e ( j=  1 £  r £  m)   or  healt h ( j= m+1≤ r≤ 2m )  i n a part i cular  count r y at  t i me   hori zon N
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wh e r es  j j ,   t he square r oot   of  t he di agonal   elem ent  of W   f or  t he j
t h  vari able ( i . e.,   t he standard 
err or  of  t he j
t h  equat i on),   i s t he m agni t ude of  t he i ni t i al  shock.   I n equat i on ( 6) m I A 2 ) 0 ( = ,   so 7
G( j , j , 0)  = s  j j .   As  N →∞  w e have a m easure of the perm anent  eff ect of the shock.  The 
persistence m easures incorporate all  of t he i nt eracti ons bet w een vari ables in t he system , 
i nsofar  as t hey  aff ect  i ncom e  or  healt h  i n  a count r y.  
The G( j , k,N)t erms  a r e in eff ect condit i onal  expectati on m easures for the k
t h vari able at 
hori zon N ,  gi ven  a “typi cal” shock  t o  t he  j
t h  vari able i n  t he  curr ent  peri od  ( t   =  0).   Thi s t ypi cal 
shock i s not  necessari l y ort hogonal  to ot her shocks i n t he system , because the off -diagonal
elem ents of W  are not  necessari l y equal  t o zero.  Thi s disti ngui shes generali zed im pul se 
r esponses  f r om   t r adit i onal   i m pul se r esponse  m easures.  As   a consequence,   a G( j , k, 0)  t erm  wi l l  
not   necessari l y be equal   t o zero,   even wh e n  j≠ k:   i t   r efl ects t he degree of  corr elati on  of jand
k,   condi t i onal   on  t he  hi story  of  t he  system .
The  i m pul se r esponse m easures descri bed above can be used t o address quest i ons ( i -ii i )   i n 
secti on  1  i n  t he  f ol l ow i ng  wa y s .
( i )T h e   r ati o  G( j , j , ∞) / s  j j–  t he  m agni t ude  of  t he  asym pt ot i c r esponse  of  vari abl eji n  a 
part i cular  count r y  t o  a t ypi cal  shock  t o  t hat   sam e vari able,  scaled by  t he  m agni t ude 
of  t hi s i ni t i al  shock – i s a conveni ent  m easure of  t he degree of  persistence of  t he 
shock.   For   di f f erence-stati onary  vari ables we   wi l l   expect  t hi s m easure t o  be  s t r i ctl y
posi t i ve,   but   we   have no t heoreti cal  pri or  about   i t s absolut e size.  As   t he m easure 
approaches unit y,  w e have a si t uat i on i n w hi ch 100%  of a typi cal shock t oj
persists i n t he l ong r un.   A  hi gh val ue f or  t he persistence m easure i mp l i es t hat   mo s t  
of a typi cal shock const i t ut es a perm anent  change in t he vari able. In t he case of 
healt h,  t hi s m eans that  any recent i mp r ovem ent  ( or det eri orati on) i n heal t h
out com es can be expected to l ast.  W hen healt h i mp r oves (or det eri orates),  it  is 
l argel y a result  of perm anent  changes in t he soci o-econom i c envir onm ent  (f or 
exam ple, changes in heal t h t echnol ogy).  Conversely,  a sm all  val ue of t he
persistence m easure i ndi cates t hat   changes i n  healt h  out com es are l argel y –  t hough 
not  enti r ely–  t r ansit ory phenom ena.  To put  i t  anot her wa y ,  t he m easure of
persistence indi cates the m agni t ude of secular m ovem ent s in st andards of healt h 
r elati ve t o t he m agni t ude of tr ansit ory fl uct uat i ons i n st andards.  Compa r i ng t he 
persistence m easure for healt h i n each of the t hree count r i es w it h t he persistence 
m easure for i ncom e w i l l  provi de som e evi dence on w het her t he degree of
persistence in heal t h i s greater or sm all er t han t he degree of persistence in
m acroeconom i c vari ables.
( i i )T h e   quant i t y G (j , j +m, 0)  f or  j   =  1, …. , m  m easures t he i mme d i ate change i n healt h 
i n each count r y t hat  accom panies a typi cal shock t o i ncom e t here. If  shocks t o 
i ncom e and heal t h are highl y corr elated, t hen t hi s quant i t y w i l l  be l arger.8
Si mi l arl y,G (j +m, j , 0) m easures the i mme d i ate change in i ncom e i n each count r y 
t hat   accom panies a t ypi cal  shock  t o  healt h  t here.    I f   G( j , j +m, 0)  and  G( j +m, j , 0)  are 
l arge relati ve t o t he corr espondi ng asym pt ot i c quant i t i es G (j , j +m, ∞)  and
G( j +m, j , 8),  then w e can concl ude t hat  the observed corr elati on bet w een incom e 
and heal t h i s largel y due t o com m on shocks t o t he t wo  v a r i ables, rather than a 
Gr anger-causal l i nk bet w een one vari able and the ot her.  Ho we v e r ,  i f  t he
asym pt ot i c quant i t i es are r elati vel y l arge,   t hen t here i s evidence t hat   t he observed 
corr elati on bet w een incom e and heal t h i s at least part l y t he result  of a dynam i c 
i nt eracti on  bet w een t he  vari ables i n  t he  system .
( i i i )T h e  a b s o l ut e values of t he asym pt ot i c quant i t i es G (j , j +m, ∞)  and G (j +m, j , 8)
i ndi cate the m agni t ude of the l ong-run i m pact of a shock t o one vari able on t he 
l evel of anot her.  Al t hough t hese quant i t i es are not di r ectl y analogous t o cross-
secti onal   r egression  or  corr elati on  coeff i cients,  t hey  can nevert hel ess be  cauti ousl y 
com pared w i t h t he result s of previous cross-secti onal  studi es, in order to gi ve a 
sense of t he m agni t ude of t he i nt er-tem poral associati on bet w een healt h and
w ealt h  r elati ve  t o  i t s cross-secti onal   count erpart .
The  di scussion  i mme d i ately  above  f ocuses  on G( · , · , 0)  and G( · , · , 8)  m easures:  on  i mme d i ate 
and asym pt ot i c responses.  Ho we v e r ,  the profi l e of the t r ansit i on bet w een the t wo ,  at fi ni t e 
posi t i ve val ues of N,  can also provi de useful  i nforma t i on about  t he dynam i c int eracti on
bet w een healt h and i ncom e.  For  t hi s reason, t he t ables in secti on 4 l i sti ng persistence
m easures at N =  0 and N ? 8 w i l l  be accom panied by fi gures depi cti ng t he shape of the 
t r ansit i on  pat h  bet w een t he  t wo .
Mo r eover,  t he di scussion t hus far focuses on i ncom e and heal t h i nt eracti ons w i t hi n a 
part i cular  count r y.   Al t hough t he persistence m easures di scussed above i mp l i cit l y i ncorporate 
t he i nt eracti on of  vari ables across count r i es,  mo r e can be done t o expl oi t   t he f act  t hat   we   are 
esti ma t i ng heal t h and i ncom e equat i ons for several count r i es w i t hi n a si ngl e system . In 
part i cular,   i n t he t hree-count r y  case,  we   can calculate i m pul se r esponses  f ol l ow i ng  a uni versal
shock t o i ncom e by usi ng t he selecti on vector ej=( 1 1 1 0 0 0)’ ,   and t o a uni versal  shock t o 
healt h by usi ng t he sel ecti on vect or ej=( 0 0 0 1 1 1)’ .  (I n such cases our scali ng factors, 











r especti vel y. )   Si mi l arl y,   system -w ide  r esponses  t o  shocks  can m easured by  usi ng  t he  selecti on
vectorse k=( 1 1 1 0 0 0)’f or  i ncom e and ek=( 0 0 0 1 1 1)’   f or  healt h.   I n t hi s wa y ,   we   can 
l ook at  system -w ide quant i t i es corr espondi ng t o all   t he count r y-specif i c quant i t i es di scussed 
i n (i -ii i )  above.  So  we  wi l l  be abl e to com pl em ent our cross-count r y com pari son of
persistence m easures wi t h  a descri pt i on  of  pan-Scandi navi an persistence m easures.9
3.   De f i ni t i on  and  Properti es of  t he  Da t a 
3. 1  Da t a  sources  and  def i ni t i on
The t hree count r i es on w hi ch thi s paper focuses (Sw eden, Fi nl and and D enm ark) report
consi stent nat i onal  account s and dem ographi c data, coveri ng a l i mi t ed range of vari ables, 
f r om  as earl y as t he mi d-19
t h  century.
5  The  unusual l y l ong peri od of  dat a coverage all ow s us 
t o t ake a ti me - s e r i es approach to m odel l i ng t he i nt eracti on of i ncom e and heal t h.  Ou r  
i ndi cator  of per capi t a incom e each year ( y t)  wi l l  be t he l ogari t hm  of real GDP a t  ma r ket  
pri ces m inus t he l ogari t hm  of the popul ati on.  These two  s e r i es are taken fr om  t he W orl d 
Bank’sWor l d D evelopm ent   I ndi cators f or  t he peri od 1960-96,   and f r om  Mi t chell   ( 1981)  f or 
earl i er years. Consi stent dat a are avail able for all  three count r i es are avail able fr om  1867 at  
t he  l atest,   gi vi ng  a sam ple size of  130.
The onl y heal t h i ndi cators that  are avail able for such a long peri od of ti me  a r e the crude 
death  r ate and  t he  i nfant  mo r t ali t y  r ate ( i . e.,   t he  proport i on  of  i nfants dyi ng  wi t hi n  one  year  of 
bi r t h).   The  di sadvant age of  usi ng t he crude death r ate i s t hat   i t   i s l i kel y t o r espond t o i ncom e 
wi t h very l ong l ags, since the deat h rate for t he ol dest  cohort  i n t he popul ati on i s the 
consequence of  healt h i nput s over  t he l ast  70-80 years.  Pr i t chett   and S u mme r s ( 1996)  f i nd no 
signi f i cant relati onshi p bet w een li f e expectancy and incom e i n t hei r  panel  dat a set,  and t he 
probl em  is li kel y t o be even m ore severe when esti ma t i ng a dynam i c m odel  of incom e and 
healt h usi ng t i me - s e r i es dat a.  We   wi l l   t herefore wo r k wi t h t he i nfant  mo r t ali t y m easures t hat  
are avail able.  I n  order  t o  ensure t hat   t he  vari able we   are usi ng  ( pt )   i s not   bounded,   we   wi l l   use 
a l ogi sti c t r ansform at i on of  t he i nfant  mo r t ali t y seri es.  That   i s:
pt   =  l og(m t )–  l og(1 –mt )( 7)
wh e r emt   i s t he r ati o of  i nfant  deaths t o t he num ber  of  l i ve bi r t hs f or  each year.   The  six t i me  
seri es t hat   wi l l   appear  i n our  VAR  ( y t   and pt   f or  each count r y)  are depi cted i n Fi gures 1-3.  I n 
t he t ables t hat   f ol l ow ,   i ncom e and i nfant  mo r t ali t y i n Sw eden alone are desi gnat ed as yst  and 
pst;   t he  corr espondi ng  desi gnat i ons  f or  t he  Fi nni sh and  Da n i sh vari ables are y f t ,pf t ,ydt   and  pdt .
[F igures  1-3  here]
3. 2  Ti me - seriespropert i es  of   t he  dat a
Be f ore esti ma t i ng t h e  VAR,  i t  i s necessary t o ascert ain t he order of i nt egrati on of t he 
vari ables of int erest.  A ugm ent ed D ickey-Full er (ADF)  test stati sti cs (not  report ed) confi r m 
5  C om parable dat a for mo s t   ot her  OECD  count ries begi ns  mu c h   l ater.  In t he  USA,   for exam ple,  i t   begi ns  onl y 
aft er  t he  Fi r st  Wo r l d  Wa r .10
t he i mp r ession of Fi gures 1-3,  that  the nul l  of di f f erence-stati onari t y cannot  be rejected for 
any of the vari ables. It  is therefore appropri ate to search for coint egrati on bet w een the si x 
vari ables,  t o see i f   t he ma t r i x P P  i n equat i on ( 5)  above has som e str i ctl y posi t i ve r ank.   Ther e 
coul d be as m any as fi ve coi nt egrati ng vect ors (stati onary l i near com binat i ons) wi t h si x
di f f erence-stati onary vari ables. Wi t h appropri ate ident i f yi ng restr i cti ons,  t hese coul d be
i nt erpreted as l ong-run r elati onshi ps bet w een t he six vari ables t hat   defi ne t he steady state of 
t he  system .
I n sam pl es as sm all  as ours, t ests for mu l t i vari ate coint egrati on have l ow  pow er,  and 
anyw ay t here is no obvi ousl y i nt ui t i ve i nt erpretati on of a coint egrati ng vect or in m ore than 
t wo   of  our  vari ables.  So  we   t est  f or  t he  existence of  up  t o  f i ve  bi vari ate coint egrati ng  vectors: 
t wo  l i nki ng t oget her incom e across the t hree count r i es, two  l i nki ng t oget her infant mo r t ali t y,  
and one l i nki ng i ncom e and i nfant  mo r t ali t y i n one count r y ( and t herefore,  by substi t ut i on of 
t he ot her f our vectors, l i nki ng i ncom e and i nfant mo r t ali t y i n t he ot her t wo ) .  Us i ng t he 
me t hod of  Engl e and Gr anger  ( 1987),   wh i ch i nvol ves appl yi ng an ADF  t est  t o t he r esidual s 
f r om  a bi vari ate stati c regression i n l evels, we  t est for coint egrati on for the fol l ow i ng pai r s: 
{yst,y dt },  {y dt ,y f t },  {pst,pdt },  {pdt ,pf t } and { y f t ,pf t }.  The nul l  of no coi nt egrati on cannot  be 
r ejected f or  t he f i r st  of  t hese pai r s,  even at  t he 10%  l evel;   but   t he nul l   can be r ejected f or  t he 
ot her four.  (Thi s result  is not  sensit i ve t o t he fi ve pai r s chosen t o t est f or  coint egrati on:  
wh a t ever  pai r s are chosen,   i t   alwa y s   appears t hat   all   t he vari ables except  y st  are coint egrated 
wi t h  each ot her. )
Ou r   VAR  wi l l   t herefore i ncl ude  f our  coint egrati ng  vectors.  The  param eters i n  t hese  vectors 
–  t he  elem ents of  P P  i n  equat i on  ( 5)  –  are r eport ed i n  Tabl e 1.   These are equal   t o  t he  param eter 
esti ma t es fr om  t he Engl e-G ranger regressions,  except in t he case of {pst,p dt } w here the 
i nt ui t i vel y appeali ng r estr i cti on of  t he param eter  t o uni t y cannot   be r ejected,  even at the 10%  
l evel.  Tabl e 1 all ocates a num ber to each vector (“cv1” t o “cv4”) for reference in Tabl e 2, 
wh i ch r eport s t he  f ul l   VAR  esti ma t es.
[Tabl es 1-2  here]
4.     Re s ul t s
4. 1  Charact eristi cs  of   t he  f i t t ed  VAR
We   do not   r eport   t he unrestr i cted esti ma t es of  equat i on ( 5),   but   r ather  a r estr i cted m odel   t hat  
i ncl udes j ust   t hat   set  of  l ags of  each vari able i n each equat i on t hat   mi ni mi zes t he Schwar t z -
Ba ye s i an Informa t i on Cri t eri on.  χ
2 t est stati sti cs for t he val i di t y of t he restr i cti ons on a 
second-order VAR a r e report ed in Tabl e 2: in no equat i on are the restr i cti ons rejected. The 
coint egrati ng vect ors are joi nt l y si gni f i cant at the 5%  l evel in each equati on except that  for 11
∆y st,  confi r mi ng t he coi nt egrati on of f i ve out  of t he si x vari ables. Coe f f i cients on t he
coint egrati ng  vectors are consi stent  wi t h  t he  l ong-run  stabil i t y  of  t he  system .
The R
2  and sj j   val ues r eport ed i n Tabl e 2 i ndi cate t hat   t here i s som e het erogenei t y across 
t heequat i ons i n t erms   of  goodness-of -fi t   and  t he  size of  a t ypi cal  i nnovat i on.   Shocks  t o  i nfant 
mo r t ali t y appear  t o be l arger  on average t han shocks t o i ncom e.   Shocks i n Fi nl and are l arger 
t han shocks i n D enm ark,  wh i ch are larger than shocks i n Sw eden. The LM  t est  stati sti cs f or 
r esidual  autocorr elati on and for het eroscedasti cit y t hat  are report ed in t he t able are not  
signi f i cant  at  t he  5%   l evel.
Gi ven t he non-l i neari t y of  som e panel   dat a r egressions of  i ncom e on healt h ( f or  exam ple, 
t hose i n Bhargava et  al . ,2001),  we  a l so test for the val i di t y of the funct i onal  form o f  each 
equat i on  usi ng  a RESET  t est.   The  t est  stati sti cs are r eport ed i n  Tabl e 3:   i n  no  case can t he  nul l  
of  val i di t y  be  r ejected at  t he  5%   l evel.
[Tabl e 3  here]
The  i ndi vi dual   coeff i cients i n Tabl e 2 do not   have a str aight f orwa r d i ndi vi dual   i nt erpretati on,  
so the next  secti on expl ores the characteri sti cs of t he est i ma t ed m odel  by report i ng and 
di scussing  generali zed i m pul se r esponse  m easures and  i m pul se r esponse  profi l es.
4. 2  Ge n e r a l i zed i m pul se responses  i n  t he  system
I n Secti ons 1 and 2 above,   we   r aised t hree general  quest i ons t hat   coul d be addressed t hrough 
t he esti ma t i on of  our  coint egrati ng VAR.   I n t hi s secti on,   we   wi l l   use our  esti ma t es t o address 
each i n  t urn.
( i )  The f i r st quest i on concerns t he degree of persistence in shocks t o each vari able, as 
m easured by  t he  quant i t y G (j , j , ∞) / s  j j .
6  The  l eft   hand side of  Tabl e 4 r eport s t hese quant i t i es 
f or each vari able in each of t he t hree count r i es, pl us t he corr espondi ng quant i t i es for a 
uni versal shock t o each vari able in t he system . The t able indi cates a substanti al degree of 
het erogenei t y across the t hree count r i es. 89%  of a shock t o Sw edi sh incom e and 52%  of a 
shock t o Sw edi sh infant mo r t ali t y persists in t he l ong run.  At  t he opposi t e extr em e, t he 
corr espondi ng fi gures for Fi nl and are 24%  and 3% .  The f i gures for Da n i sh shocks and for 
uni versal shocks are betw een these t wo  e x t r em es. In al l  cases, the degree of persistence in 
i ncom e i s greater  t han t he degree of  persistence i n i nfant  mo r t ali t y.   Sw eden has experi enced 
r elati vel y sm all   shocks com pared wi t h De n ma r k and Fi nl and,   but   t he degree of  persistence i n 
t hese  shocks  has  been a l i t t l e greater  t han  i n  De n ma r k,   and  mu c h   greater  t han  i n  Fi nl and.
6  I n  Tabl es  4- 5  we   approxi ma t e  t he  i nfi ni t e  hori zon  as  40  years.   The  generali sed i m pul se r esponse  profi l es  i n 
Fi gures  4-7  i ndi cate  t hat   t hi s i s qui t e  a  close  approxi ma t i on.  12
The  unscal ed persistence m easures G( y,y,∞)   and  G( p, p, ∞)   on  t he  l eft   hand  side  of  Tabl e 5 
i ndi cate that  the greater degree of persistence in Sw eden outwe i ghs t he fact that  the i ni t i al 
shocks are sm all er  t han i n t he ot her  t wo   count r i es:  out   of  all   of  t he t hree count r i es,  Sw eden 
has t he l argest   val ues of G( y,y,∞)   and G( p, p,∞) .   The  standard err ors i n Tabl e 5 i ndi cate t hat  
t he di f f erence bet w een t he t wo   extr em es ( Sw eden and Fi nl and)  i s signi f i cant  at  t he 5%  l evel.  
The  generali zed persistence profi l es i n Fi gures 4-7 i ndi cate t hat   mo s t   of  t hese di f f erences are 
evident   wi t hi n  10  years of  t he  shock.   Ther e i s l i t t l e m ovem ent   i n  mo s t   of  t he  profi l es aft er  t he 
f i r st  10  years.
[Tabl es 4-5  and  Fi gures  4-7  here]
Wi t hi n t h e  VAR f r am ew ork t hat  we  a r e using i t  is not  possibl e to i dent i f y di r ectl y t he 
r easons for thi s heterogenei t y.  Ho we v e r ,  it  is not  surpri sing t hat  the m ost  popul ous count r y
( Sw eden) experi ences the sm al l est shocks and t he l east popul ous count r y (Fi nl and)
experi ences the l argest  shocks:  w e shoul d expect  a higher vari ance in a sm all er popul ati on,  
unl ess shocks t o i ndi vi dual s are perf ectl y corr elated. Mo r eover,  there are clear reasons w hy 
Sw eden shoul d exhi bi t  the m ost  persistence: unl i ke t he ot her tw o count r i es, it  has not  been 
i nvol ved  i n  any  ma j or  i nt ernat i onal   confl i ct,   nor  has  i t   been occupi ed by  a f oreign  pow er.   The 
r elati vel y adverse condi t i ons duri ng i nt ernat i onal  confl i cts are li kel y t o represent a less 
persistent type of shock t han t echnol ogi cal innovat i ons and changes i n product i vi t y.  But  the 
m agni t ude  of  t he  di f f erences bet w een t he  count r i es i s sti l l   r em arkabl e.
I t   i s also not ew ort hy t hat   across all   t he count r i es shocks t o i nfant  mo r t ali t y are larger  t han 
shocks t o i ncom e,  but  less persistent.  To use som e m acroeconom i c jargon,  healt h “busi ness 
cycles” are short er but  mo r e extr em e than econom i c ones.  M acroeconom i c stabil i zati on
pol i cy typi call y focuses on t he si ze cycli cal m ovem ent s in i ncom e and i nfl ati on.  But
m acroeconom i c vari ables m ay in fact exhi bi t  less  extr em e cycles t han healt h i ndi cators.  Ou r  
r esult s support   Sen  ( 1998),   w ho argues t hat   healt h i ndi cators are not   necessari l y l ess sluggi sh 
t han m acroeconom i c ones,  and t herefore no l ess appropri ate as m easures of econom i c
perf orm ance,  even i n  t he  short   r un.
( i i )   The  second quest i on concerns t he r elati ve i m port ance of  t wo   r easons f or  a corr elati on 
bet w een i ncom e and healt h:   on t he one hand,   l arge com m on shocks t o t he t wo   vari ables,  and 
on t he other,   subst anti al  dynam i c i nt eracti on bet w een t hem .   Tabl es 4-5 and Fi gures 4-7 show  
t hat   here,  t oo,   t here i s subst anti al  het erogenei t y  across t he  t hree count r i es.
At  one ext r em e li es D enm ark.  In D enm ark t here is no signi f i cant corr elati on bet w een 
i nnovat i ons  i n per capit a incom e and i nnovat i ons i n i nfant mo r t ali t y.  (I n fact t he poi nt  
esti ma t e of the corr elati on coeff i cient is posi t i ve,  but  onl y a fr acti on one st andard devi ati on 13
f r om  zero.   Tabl e 6 l i sts t he val ues of  all   t he corr elati on coeff i cients f or  t he i nnovat i ons i n t he 
six equat i ons. )   Thi s i s i l l ust r ated by t he bot t om  t wo   graphs i n Fi gure 7,   i n wh i ch t he i m pul se 
r esponse profi l es G (y,p, N)  and  G (p, y,N)  begi n very cl ose t o t he zero l i ne.  Ho we v e r ,  t he 
uncondi t i onal   sam ple corr elati on  bet w een t he  t wo   vari abl es i s –0. 98.   Thi s negat i ve  corr elati on 
i s expl ained by t he dynam i cs il l ust r ated in t he t wo  g r aphs.  A  posi t i ve shock t o yd wi l l  in 
subsequent  peri ods l ead to a l ow er pd;  simi l arl y,  a posi t i ve shock t o pd wi l l  in subsequent  
peri ods  l ead t o  a l ow er  y d.   At   t he  20-year  hori zon,   bot h  eff ects are j ust   about   signi f i cant  at  t he 
5%   l evel,   alt hough  at  t he  i nfi ni t e hori zon  t he  standard  err or  on  G( p, y,8)  i s sli ght l y  t oo  hi gh  t o 
r egister stati sti cal signi f i cance using convent i onal  confi dence i nt erval s. The asym ptot i c
eff ects and  t hei r   associated standard  err ors are l i sted on  t he  r i ght   hand  side  of  Tabl e 5.
[Tabl e 6  here]
At  the opposi t e extr em e li es Finl and.  In Fi nl and t here is a negat i ve corr elati on bet w een 
i nnovat i ons i n per capit a incom e and i nnovat i ons i n i nfant mor t ali t y,  and  G (y,p, N)  and 
G( p, y,N)   are signi f i cantl y  bel ow   zero  f or    very  sm all   val ues  of  N,   as show n  i n  t he  bot t om   t wo  
graphs i n Fi gure 6.   Ho we v e r ,   t hese negat i ve eff ects persist  very l i t t l e,  and f or  all   val ues of N
greater than ei ght  they are insi gni f i cantl y di f f erent fr om  zero.  The dynam i cs of y f and pf
dam pen dow n t he eff ects of  com m on shocks pushi ng i ncom e up and i nfant  mo r t ali t y dow n.  
Thi s i s em phasi sed by t he f i gures on t he r i ght   hand side of  Tabl e 4,   wh i ch show  t he r ati os of 
t he fi r st poi nt  on each im pul se response profi l e to t he l ast poi nt .  In t he case of Fi nl and,  the 
asym pt ot i c m easures are onl y a fr acti on of t he si ze of t he i ni t i al eff ects. The negat i ve 
uncondi t i onal  corr elati on coeff i cient bet w een the t wo  v a r i ables (-0.99) i s a largel y a
consequence  of  t he  com m on  shocks.
The f i gures for shocks t o Sw eden, and for shocks t o al l  of the count r i es, represent an 
i nt erme d i ate case, as show n i n Fi gures 4-5 and i n Tabl e 4. Ther e is a negat i ve corr elati on 
bet w een innovat i ons i n per capit a incom e and i nnovat i ons i n i nfant mo r t ali t y,  and t he
dynam i c int eracti on bet w een the t wo  v a r i ables m agni f i es thi s eff ect.  The esti ma t ed
m agni f i cati on eff ects for Sw eden (show n i n Tabl e 4) are 1.33 for G( y,p, N)  and 2. 76 for 
G( p, y,N) .   The  f i gures f or  shocks  t o  all   count r i es are a l i t t l e l arger.
So  t here i s no  str aight f orwa r d  answ er  t o  t he  quest i on  of  how   mu c h   t he  negat i ve  corr elati on 
bet w een per capi t a i ncom e  and  i nfant  mo r t ali t y  i s due  t o  com m on  shocks,   and  how   mu c h   i t   i s 
due  t o  one  vari able Gr anger-causing  t he  ot her.   Even  wi t hi n  Scandi navi a,  t here i s consi derable 
het erogenei t y i n t he extent  t o wh i ch one f actor  or  t he ot her  i s mo r e i m port ant.   Thi s suggest s 
t hat   t he r esult s of  papers based on I V  esti ma t es of  t he i nt eracti on bet w een i ncom e and healt h 14
usi ng panel  dat a are represent average eff ects around w hi ch there is a great deal of
i nt ernat i onal   vari ance.
( i i i )   A ny com pari son of  panel   r egression r esult s wi t h t hose presented here mu s t   t herefore 
be i nt erpreted wi t h a great  deal   of  cauti on.   Ne v e r t hel ess,  t he asym pt ot i c generali zed i m pul se 
r esponse m easures for t he eff ect of shocks t o per capit a i ncom e on i nfant mo r t ali t y are 
broadl y  i n  l i ne  wi t h  t he  Pr i t chett   and  S u mme r s ( 1996)  and  Eas t erl y  ( 1999)  r esult s di scussed i n 
Secti on 1.   For   a com pari son wi t h t he elasti cit i es esti ma t ed i n t hese papers,  we   can const r uct  
asym pt ot i c generali zed im pul se response m easures corr espondi ng t o t he G (y,p, 8)  fi gures in 
Tabl e 5 ( t hese capture t he l ong-run eff ects on i nfant  mo r t ali t y of  a t ypi cal  shock t o i ncom e),  
but   wi t h uni t   shocks t o per capi t a incom e i nst ead of  one standard err or  shocks.   The  r esult i ng 
f i gures are –0. 43  f or  Sw eden, –0. 35 f or  Fi nl and,  –0. 61 f or  De n ma r k and –0. 75 f or  a shock t o 
all   count r i es.
7
5.   Co nc l usi on
Us i ng a coint egrati ng V A R fr am ew ork,  w e have been abl e to i dent i f y t he charact eri sti cs of 
t he  dynam i c i nt eracti on  bet w een per  capi t a i ncom e  and  i nfant  mo r t ali t y  i n  t hree Scandi navi an 
count r i es: Sw eden, Fi nl and and D enm ark.  Al t hough t here is a negat i ve associati on bet w een 
t he t wo   vari ables i n all   t hree count r i es,  t here i s a consi derable degree of  het erogenei t y i n t he 
dynam i cs that  underl i e thi s associati on.  In Fi nl and,  and t o a l esser extent in Sw eden, the 
negat i ve corr elati on i s largel y a result  of com m on cont em poraneous shocks t o bot h i ncom e 
and heal t h.  Ho we v e r ,  in D enm ark t he shocks are ort hogonal ,   and t he negat i ve corr elati on i s 
enti r ely due t o t he f act  t hat   each vari able i s Gr anger -caused by t he ot her.   Mo r eover,   t here i s 
subst anti al het erogenei t y i n t he characteri sti cs of t ypi cal shocks:  Swedi sh shocks are the 
sm all est,   but   have t he greatest  degree of  persistence;  Fi nni sh shocks are t he l argest ,   but   have 
t he l east persistence. The such a large degree of het erogenei t y shoul d be m ani f ested even 
wi t hi n Scandi navi a suggest s that  t he result s of cross-count r y panel  dat a studi es of t he
i nt eracti on  of  i ncom e  and  healt h  r epresent  average eff ects around  wh i ch t here i s l i kel y  t o  be  a 
great deal of vari ance. Thi s is an im port ant caveat if  these studi es are used as an input  in 
pol i cy decisions  i n  i ndi vi dual   count r i es.
The  ot her  ma i n r esult   f r om  t he VAR  m odel   i s t hat   shocks t o i nfant  mo r t ali t y are l arger  but  
l ess persistent  t han shocks t o per capi t a i ncom e.   Thi s styl i zed f act  i s t r ue of  all   t he count r i es. 
Thi s suggest s t hat   healt h  m easures are not   a “sluggi sh” i ndi cator  of  econom i c perf orm ance:  i f
7  The  caveat   i s t hat   we   have  used  a l ogi sti c t r ansforma t i on  of  t he  i nfant  mo r t ali t y  seri es,  but   t he  ot her  t wo   papers 
have  not .   We   do  not   att em pt  a com parison  wi t h  t he  result s of  t he  paper  by  Bhargava et   al .   ( 2001)  di scussed i n 
Secti on  1  because t he  r esult s of  t hat   paper  are em bodi ed i n  a m odel   wi t h  a non- m onot oni c r elati onshi p  bet w een 
i ncom e  and  healt h.15
anyt hi ng,  they are less sluggi sh than m acroeconom i c vari ables. It  also suggest s that  pol i cy-
ma k e r s coul d raise social we l f are by extendi ng t he focus of stabil i zati on pol i cy beyond t he 
narr ow l y  econom i c dom ai n.
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Table 1: The Cointegrating Vectors
ps - 1.000 pd (cv1) pd - 0.889 pf (cv2)
yd - 0.800 yf (cv3) yf + 0.703 pf (cv4)
Table 2: The Fitted VAR Model
 coeff. s.e. t-ratio  coeff. s.e. t-ratio
Dys Dps
cons  0.0206 0.0033  6.1714 cons -0.0512 0.0087 -5.9235
∆yf(1)  0.1936 0.0543  3.5626 ∆ps(1) -0.1983 0.1008 -1.9673
∆ps(1)  0.0773 0.0334  2.3108 ∆pf(1)  0.1414 0.0607  2.3304
∆pd(1) -0.0529 0.0306 -1.7274 ∆pd(1) -0.2921 0.0910 -3.2088
∆ys(2) -0.2322 0.0926 -2.5070 ∆ys(2)  0.7573 0.2231  3.3936
∆yf(2)  0.1314 0.0600  2.1898 ∆pf(2)  0.1282 0.0534  2.3994
cv1(1) -0.1782 0.0686 -2.5957
cv2(1)  0.0321 0.0593  0.5423
cv3(1) -0.0810 0.0839 -0.9651
cv4(1) -0.2118 0.0694 -3.0511
Dyf Dpf
cons  0.0137 0.0046  2.9698 cons -0.0700 0.0143 -4.8929
∆ys(1)  0.2783 0.1400  1.9872 ∆ys(1)  0.5554 0.3465  1.6027
∆yf(1)  0.3493 0.0947  3.6889 ∆yf(1) -0.5493 0.2404 -2.2846
∆yd(1) -0.1781 0.1144 -1.5568 ∆pf(1) -0.1981 0.0841 -2.3560
∆ps(1)  0.1494 0.0576  2.5940 ∆pd(1) -0.3917 0.1344 -2.9147
∆pd(1) -0.1188 0.0524 -2.2660 ∆ys(2)  0.6255 0.3344  1.8707
cv1(1) -0.0697 0.0384 -1.8159 ∆pd(2) -0.2664 0.1181 -2.2551
cv2(1) -0.1101 0.0324 -3.3990 cv1(1) -0.1988 0.0926 -2.1461
cv3(1)  0.0920 0.0475  1.9359 cv2(1)  0.3936 0.0910  4.3257
cv4(1) -0.1543 0.0382 -4.0424 cv3(1) -0.1713 0.1224 -1.3988
cv4(1) -0.2053 0.0983 -2.0892
Dyd Dpd
cons  0.0163 0.0046  3.5797 cons -0.045 0.0096 -4.6968
∆ys(1)  0.2241 0.1221  1.8355 ∆ys(1)  0.9552 0.2490  3.8358
∆yf(1)  0.1128 0.0826  1.3651 ∆yd(1) -0.2263 0.2084 -1.0863
∆yd(1) -0.0389 0.0989 -0.3934 ∆pf(1)  0.1968 0.0681  2.8915
∆ps(1)  0.1738 0.0550  3.1575 ∆pd(1) -0.5195 0.1010 -5.1409
∆pd(1) -0.1899 0.0516 -3.6802 ∆ps(2)  0.1470 0.1036  1.4182
∆yd(2) -0.1989 0.0862 -2.3086 ∆pf(2)  0.1411 0.0621  2.2741
∆ps(2)  0.0770 0.0483  1.5927 ∆pd(2) -0.1950 0.1014 -1.9235
∆pd(2) -0.0821 0.0467 -1.7579 cv1(1)  0.0429 0.0697  0.6158
cv1(1) -0.1053 0.0363 -2.8975 cv2(1)  0.0061 0.0668  0.0917
cv2(1) -0.0220 0.0293 -0.7521 cv3(1) -0.0353 0.0911 -0.3870
cv3(1) -0.0759 0.0424 -1.7910 cv4(1) -0.1765 0.0724 -2.4390
cv4(1) -0.1204 0.0347 -3.4695
equation R
































































§ T1: test for validity of the restrictions imposed on each equation.
T2: test for residual autocorrelation. T3: test for heteroscedasticity.18
Table 3: Tests for Functional Form Misspecification
y equation p equation
sweden: F(1,122) = 2.2645[0.87] F(1,115) = 1.3520[0.75]
finland: F(1,118) = 0.6829[0.59] F(1,118) = 0.0689[0.21]
denmark: F(1,118) = 0.0255[0.13] F(1,117) = 2.8990[0.91]
Table 4: Asymptotic Generalized Impulse Responses Scaled by the Size of 
Initial Shocks
y on y p on p y on p p on y
G(y,y,8)/syy G(p,p,8)/spp G(y,p,8)/G(y,p,0) G(p,y,8)/G(p,y,0)
system 0.591924 0.387790 2.650678 4.026683
sweden 0.890943 0.522224 1.334088 2.756764
finland 0.237127 0.031769 0.783585 0.412821
denmark 0.389766 0.228618 -3.23411 -3.73881
Table 5: Unscaled Asymptotic Generalized Impulse Responses with Standard 
Errors
 coeff. s.e.  coeff. s.e
G(y,y,8) measures G(y,p,8) measures
y on y (system)  0.048417 0.013755 p on p (system)  0.073895 0.015442
y on y (sweden)  0.025587 0.002236 p on p (sweden)  0.038009 0.010974
y on y (finland)  0.009731 0.007738 p on p (finland)  0.003383 0.010856
y on y (denmark)  0.013650 0.006585 p on p (denmark)  0.017762 0.012091
G(p,p,8) measures G(p,y,8) measures
y on p (system) -0.061562 0.027435 p on y (system) -0.040142 0.007793
y on p (sweden) -0.012371 0.007151 p on y (sweden) -0.010087 0.002709
y on p (finland) -0.014273 0.011099 p on y (finland) -0.002898 0.007609
y on p (denmark) -0.021316 0.011251 p on y (denmark) -0.011108 0.007024
Table 6: Innovation Correlations
 ys  yf  yd  ps  pf  pd
ys  1.000000   0.419785   0.388139  -0.127402 -0.066738  0.007296
yf  0.419785   1.000000   0.412337   0.012716  -0.171054 -0.063713
yd  0.388139   0.412337   1.000000  -0.074494 -0.153903  0.084839
ps -0.127402  0.012716  -0.074494  1.000000   0.335972   0.453681
pf -0.066738 -0.171054 -0.153903  0.335972   1.000000   0.199424
pd  0.007296 -0.063713  0.084839   0.453681   0.199424   1.00000019











Fi gure 1:   Ti me - s e r i es f or  Sw eden
( y =  l og  of  r eal  per  capi t a GDP  and  p  =  l ogi sti c of  i nfant  mo r t ali t y  r ate)













Fi gure 2:   Ti me - s e r i es f or  Fi nl and
( y =  l og  of  r eal  per  capi t a GDP  and  p  =  l ogi sti c of  i nfant  mo r t ali t y  r ate)20










Fi gure 3:   Ti me - s e r i es f or  De n ma r k
( y =  l og  of  r eal  per  capi t a GDP  and  p  =  l ogi sti c of  i nfant  mo r t ali t y  r ate)
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Fi gure 4:   Ge n e r ali zed I m pul se Response  Pr ofi l es f or  t he  Wh o l e Syst em  ±  2  St andard  Er r ors21




. 035 y  on  y




p  on  p





. 02 y  on  p





. 005 p  on  y
Fi gure 5:   Ge n e r ali zed I m pul se Response  Pr ofi l es f or  Sw eden ±  2  St andard  Er r ors
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Fi gure 6:   Ge n e r ali zed I m pul se Response  Pr ofi l es f or  Fi nl and  ±  2  St andard  Er r ors22
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Fi gure 7:   Ge n e r ali zed I m pul se Response  Pr ofi l es f or  De n ma r k  ±  2  St andard  Er r ors